an acquired resistance mechanism. According to modern principles for the setting of susceptibility testing breakpoints, splitting the wild-type MIC distribution should be avoided to ensure proper reproducibility (1, 6) .
Finally, the authors claim that wild-type MIC distributions vary between different regions. The three studies referred to hardly support this notion, as they were not designed for that purpose. Two of them evaluated new methods (Etest and broth microdilution), one of which had an inferior agreement with the reference method, and the third used the radiometric macrodilution method. Additionally, one of them included resistant, non-wild-type isolates and could therefore by definition not define the wild-type for M. tuberculosis. Different phylogenetic groups of M. tuberculosis, being abundant in different regions, could have minor variations in wild-type MIC distributions, but this remains to be proven. For other bacterial pathogens, wild-type isolates have similar MIC distributions regardless of geographical origin or source (human, animal, or environmental) (4, 7), and there is no obvious reason why M. tuberculosis should be different. Just like how wild-type distributions show small variations, which could be dependent on sample size and methodology, there is an intersubject variation in PK variables, which is greater than a 10-fold range for rifampin and which is highly dependent on the distribution of fast and slow acetylators for isoniazid (3, 8) .
Concisely, the breakpoints for INH and RIF suggested by the authors are not likely to be clinically meaningful for the treatment of tuberculosis, and their use is expected to introduce serious reproducibility problems. All together, bas- Wild-type MIC distributions of rifampin and isoniazid compared to current and suggested susceptibility testing breakpoints. Reproduced with permission from Oxford University Press (6). Wild-type MIC distributions were obtained on Middlebrook 7H10 medium using a replicator and compared to previous Bactec 460 susceptibility results (6) . The bars with vertical lines represent the wild-type MIC distributions, and filled bars represent isolates that had previously been categorized as resistant. The current breakpoints and the breakpoints suggested by the authors (5) are indicated with arrows. Clearly, the suggested breakpoints would classify most of the wild-type strains (by definition lacking resistance mechanisms) as resistant and most of the corresponding patients as cases of multidrug-resistant tuberculosis. Also, the suggested breakpoints split the wild-type MIC distribution, which could lead to serious reproducibility problems. We thank Ä ngeby and colleagues for their interest in our review. However, we would like to take issue with their view of PK/PD-derived breakpoints, namely, that this approach only uses PK/PD data. In fact, our approach uses not only PK/PD data but also drug dose, population pharmacokinetics, and wild-type MIC distribution, as can be seen from examination of Fig. 2 to 6 in the original publication (3). It is beyond dispute that dose, pharmacokinetic variability, and PK/PD relationships are also of paramount importance in determining whether a pathogen will respond to an antibiotic or not. On the other hand, the epidemiologic cutoff method uses only wild-type MIC distribution. It makes no clinical sense not to take dose, pharmacokinetic variability, and drug penetration indices into account.
We bristle at the notion that the normative treatment success rates should be defined by data from predominantly lowburden countries, or some similar arbitrary aggregate, while calling treatment outcomes from high-burden countries such as South Africa, and indeed most of Africa, "exceptions." We contend that greater weight should be given to outcomes from areas of the world with the greatest TB burden and that these are indeed normative and not the outliers.
Third, Ä ngeby et al. say that breakpoints derived for monotherapy "are hardly relevant for the multidrug regimen used today." Yet, the same epidemiologic cutoff breakpoints that they uphold so much suffer from the very same predicament, i.e., they are designed to measure resistance to one drug and do not say anything about multiple-drug therapy. Surely, equal standards should be applied. If resistance is found to one drug, say a rifampin MIC of 64 mg/liter with an rpoB mutation, what physician would go ahead and administer that drug in combination therapy?
The question of classifying isolates as resistant in the absence of known mechanisms of resistance or the argument that our proposed susceptibility breakpoints would split wild-type distributions and introduce reproducibility problems is neither here nor there. Both merely reflect limitations of science at a particular point in time, but those limitations can be overcome. For example, chromosomal mutations have been the prototypical mechanism associated with resistance for decades: recently we learned that efflux pumps are also important (4, 5) .
We are puzzled by the insistence that there should be little variability in Mycobacterium tuberculosis MIC distribution in isolates from around the world. The human strain of M. tuberculosis is known to have spread to all continents in ancient times, e.g., to Borneo before European contact, to ancient Egypt, and to the Americas Ͼ17,000 years before Amerigo Vespucci (1). Recently, Fortune and colleagues infected macaques with a single bacterial strain and then sequenced isolates from active, latent TB, and reactivation TB pulmonary lesions (2). They identified 14 new single-nucleotide polymorphisms that had already developed in 265 to 507 days of no antibiotic treatment, leading to mutation rates of 10 Ϫ10 to 10 Ϫ9 mutations/bp/day. Thus, it would be astounding if passage of bacteria through millions of humans over tens of thousands of years had introduced changes in many other genes and generated different genotypes in different locales but had not introduced variability in genes associated with drug effect. Intersubject variability, whether of pharmacokinetics or MICs, is the point of evolution; it makes no sense to pretend it does not exist.
